Background: Early warning scores (EWS) are an integral part of the care of acutely ill patients. Unfortunately, in the few studies where the accuracy of EWS has been tested it has been found to be lacking, with serious implications for quality of care. Aim: to determine if the provision of computer-aided scoring could increase the accuracy and efficiency of EWS calculations, when compared with the traditional pen-and-paper method, and to determine if it was acceptable to users. Design: 26 nurses from two surgical assessment wards in two hospitals were studied. The study was conducted in three phases. Phase 1 -a classroom-based exercise where nurses were given ten patient vignettes and asked to derive EWS using traditional pen-andpaper methods; Phase 2 -the same as phase 1, but using a hand-held computer to derive EWS; Phase 3 -the same as phase 2, but was a follow-up exercise undertaken in the ward environment, 4 weeks after computer-aided scoring was implemented in the two wards. Each phase closed with a user perception/attitudes questionnaire. Results: Accuracy and efficiency -phase 1 was associated with a significantly lower overall accuracy (152/260, 58%) compared with phase 2 (96%; difference in proportions 38%, 95% confidence interval 31-44%, P<0.0001). There was a small but significant reduction in accuracy from phase 2 (96%) to phase 3 (88%) (8% difference, P=0.006). The mean time to derive an EWS reduced from 37.9 seconds in phase 1 to 35.1 seconds in phase 2 (P=0.016), down to 24.0 seconds in phase 3 (P<0.0001). User acceptability: in phase 1, nurses favoured the pen-and-paper method in all respects except accuracy. In phase 2, nurses' views shifted significantly in favour of the handheld computer, with little deterioration in the follow-up phase 3. Conclusions: a hand-held computer helps to improve the accuracy and efficiency of EWS in acute hospital care and is acceptable to nurses.
arly warning scores (EWS), also known as 'track and trigger' systems, are in widespread use in acute hospital care to aid the early detection of patient deterioration (Morgan et al, 1997; Stenhouse et al, 2000; Hodgetts et al, 2002; Goldhill et al, 2005) . They operate by allotting points to patients' routine vital signs measurements on Unfortunately, there is only minimal evidence that patient outcomes have improved as a result of the introduction of EWS systems (Robson, 2002; Ball et al, 2003; Cuthbertson, 2003; Subbe et al, 2003; Priestley et al, 2004) . One plausible interpretation is that inaccurate calculation of EWS undermines the effectiveness of the EWS outreach process Smith and Oakey, 2006; Subbe et al, 2006) . The primary aim of this study was to determine if the provision of computeraided scoring could increase the accuracy and efficiency of EWS calculations, when compared with the traditional pen-andpaper method. The study also sought to elicit user acceptability of the computeraided approach.
Methods
The study participants were the full compliment of nurses (n = 26) based on two surgical assessments units (SAU) in Shrewsbury and Telford Hospitals NHS Trusts. These two units were chosen because they had previous experience of EWS using pen-and-paper methods and also their senior clinical staff volunteered participation. Informed consent was obtained from each nurse before enrolment and nurse confidentiality was guaranteed. Local Research Ethics Committee approval was obtained for the study. The study was conducted in three phases:
Phase 1: undertaken in a classroom setting, 26 nurses were asked to derive an EWS from each of ten patient vignettes (i.e. five paired sets) with true EWS values of 1, 3, 5, 8 and 9 points using traditional pen-and-paper methods only. The EWS, which has been in use in the hospitals for at least 3 years, is illustrated in Table 1 . Phase 1 closed with the nurses completing a user perceptions/attitude questionnaire, which elicited their views regarding the potential use of computeraided EWS scoring calculation versus the traditional pen-and-paper method.
Phase 2: this was similar to phase 1 and was again undertaken in a classroom setting. the basis of physiological derangement from a predetermined 'normal' range. These points are summed to provide an EWS for a patient.
The rationale for the use of an EWS is that early recognition of deterioration in the vital signs of a patient can afford opportunities for earlier, more effective intervention (Lundberg et al, 1998; Rivers et al, 2001; Sebat et al, 2005; DeVita et al, 2006 User perceptions/attitudes. These were elicited using a questionnaire. Nurses were asked to score the following statements using a five-point Likert scale, ranging from 'strongly disagree' to 'strongly agree' (1-5 respectively, with scores > 3 indicating preference for the hand-held computer): 1. I think that I will prefer the pen-and-paper method to the hand-held computer 2. I think that the pen-and-paper method will be faster/speedier than the handheld computer 3. I think that the pen-and-paper method will be simpler than the hand-held computer
EWS were now derived with the aid of a hand-held computer. This phase began with each nurse undergoing a 45-minute, handson training exercise using the hand-held computer with a trainer/facilitator. Phase 2 closed with the nurses completing the same user perception/attitudes questionnaire as in phase 1. Phase 3: a follow-up exercise, similar in design to phase 2, except that it was carried out 4 weeks after the nurses had used computer-aided scoring routinely in the two SAUs. For phase 3, nurses were required to derive EWS with the aid of the hand-held computer in the ward environment. Only 20 of the original 26 nurses participated in phase 3 (six nurses had left to work in other wards). In all phases, the patient scenarios were presented in the same order.
The two methods (pen-and-paper versus computer-aided scoring) were compared in three ways:
4. I think that the pen-and-paper method will be more convenient than the handheld computer 5. I think that the pen-and-paper method will be more accurate than the hand-held computer. Additionally, nurses were asked to state their concerns regarding, and to describe the perceived benefits of, computer-aided EWS calculation.
Computer-aided support
Computer-aided scores were derived using a specially programmed, hand-held computer, VitalPAC (The Learning Clinic Ltd, London). VitalPAC is a user-friendly touchscreen application designed to facilitate the collection of vital sign measurements and the derivation of a subsequent EWS by nurses in the clinical setting. The VitalPAC did not require the participant to know the weighting scale of the EWS system. Further details of VitalPAC have been reported elsewhere . Figure 1 shows the device and its ability to produce computer-based clinical observation charts.
Statistical analysis
Statistical analyses (P-values and 95% confidence intervals [CI]) were undertaken using methods for paired samples (t-test and McNemar's test for paired samples). The primary comparisons were: phase 1 versus phase 2, and phase 2 versus phase 3. Table 2 shows the accuracy of EWS calculations for each phase of the study. Phase 1, the pen-and-paper method, was associated with a significantly lower overall accuracy (152/260, 58%) compared with phase 2 (computer-aided support, 96%; difference in proportions 38%, 95% CI 31-44%, P < 0.0001 McNemar's test). Accuracy in phase 3 (175/200, 88%) was reduced compared with phase 2, primarily by low scores for patient scenarios 3-5 (difference from phase 2=8%, 20 nurses; 95% CI 2-17%, P = 0.006 McNemar's test). Figure 1 shows the relationship between average accuracy of EWS calculations and the value of the true EWS. The patterns for phases 2 and 3 were broadly similar; however, for the pen-and-paper method, the average accuracy of EWS calculations reduced significantly as the value of the true EWS, and therefore patient severity of illness, increased. The average difference between the true EWS and the score derived using the pen-and-paper method (phase 1) was 0.67 (standard deviation [SD] = 0.93), compared with 0.07 (SD = 0.40) in phase 2 (difference in phase 1 versus phase 2: 0.6 paired t-test t = 9.5, P < 0.0001, 95% CI 0.5-0.7) and 0.16 (SD= 0.56) in phase 3 (difference in phase 2 versus phase 3: 0.09, 95% CI 0-0.2, t = 2.1, P = 0.043).
Results Accuracy

Timing
Data regarding the time taken for nurses to derive an EWS per patient scenario were available from only 13 nurses. The mean time reduced from 37.9 (median 35.5) seconds in phase 1 to 35.1 (median 33.5) seconds in phase 2 (paired t-test for means, t = 2.43; P = 0.016), and 24.0 (median 25.3) seconds in phase 3 (paired t-test for mean, t = 8.7; P < 0.0001) (Figure 2) . Figure 3 shows the relationship between the time taken for nurses to derive an EWS and the value of the true EWS for each phase of the study.
When using pen and paper (phase 1), • 
Nurse perceptions
In phase 1, nurses favoured the pen-and-paper method (mean score < = 3) in all respects except accuracy (Table 3) where the mean score was 3.27. In phase 2, nurses' views shifted significantly and overwhelmingly in favour of the hand-held computer, with little deterioration in the follow-up phase 3. Some of the concerns which nurses reported in free text form during phase 3, included:
Concern about the reliability of the equipment (e.g. under a power failure) The increased burden in maintaining paper and hand-held EWS during the pilot study period Feeling this might de-skill some nurses. Some of the benefits reported by nurses during phase 3 were that the hand-held: (a) increased accuracy, (b) was less time consuming and (c) could improve communication with other healthcare professionals.
Discussion
Despite their widespread use in identifying sick patients and initiating appropriate care, the quality of EWS has received only minimal attention Smith and Oakey, 2006; Subbe et al, 2006) .
The present study clearly demonstrates that the traditional pen-and-paper method of deriving scores is less accurate and takes ■ ■ ■ longer than those aided by a computer. There are several possible factors that may explain these findings. It is well documented that skills in mental mathematics in the UK population as a whole (BBC, 2002) , and nurses in particular (Hutton, 1998; BBC, 2000) , are deficient.
Therefore, while it might be tempting to think that the long-term solution is to improve mental mathematics training, this would miss the point that there are many distractions to mental tasks in a busy ward environment. It would also fail to recognize that the problem is endemic and that educational interventions (which have been the subject of much research) to improve this skill will take some time to filter through to front line healthcare. Furthermore, a rationale for increasing reliance on computers is that it should release humans from the need to undertake mundane tasks, while allowing them to concentrate on higher-order tasks Table 3 . Mean (standard deviation) score of nurses to five statements seeking their views on comparing pen and paper to the hand-held computer. Mean scores >3 favour the hand-held computer I think that I will prefer the pen-and-paper method 2.58 3.88 3.85 t = 4.2 to the hand-held computer (1.1) (1.2) (1.1) P < 0.001 I think that the pen-and-paper method will be 2.77 3.73 3.45 t = 3.4 faster/speedier than the hand-held computer (1.3) (1.3) (1.3) P = 0.002 I think that the pen-and-paper method will be simpler 2.58 4.08 4.05 t = 5.1 than the hand-held computer (1.2) (1.4) (1.1) P < 0.001 I think that the pen-and-paper method will be more 2.58 3.77 3.70 t = 3.6 convenient than the hand-held computer (1.2) (1.5) (1.2) P = 0.001 I think that the pen-and-paper method will be more 3.27 4.15 4.40 t = 3.3 accurate than the hand-held computer (1.0) (1.0) (0.9) P = 0.03 (Payne, 2000) . The accuracy and timings found in this study correlate well with data from a previous classroom exercise , suggesting that the shortcomings of the pen-and-paper method, and the benefits of computer-aided EWS are, to some extent, generalizable.
In the classroom environment, computeraided scoring in the present study was faster and achieved accuracy nearing 100%. Perhaps more importantly, it was found that EWS derived in a ward are associated with lower accuracy, even with the aid of a handheld computer. Further work is required to understand the sources of these errors and the constraints on achieving 100% accuracy with the hand-held computer. It is noted that penand-paper methods can also be influenced by factors in the ward environment. Smith and Oakely (2006) found that the accuracy of pen-and-paper-derived EWS degrades when the ward is busier. They also report that the true EWS affects the accuracy of calculated EWS. The present study also revealed a tendency towards greater inaccuracy and slower EWS calculation in patient vignettes with a higher true EWS (i.e. sicker patients). This was most marked with pen-and-paper methods, but was also noticeable to a lesser extent with the computer-aided approach. This is perhaps not surprising, because the laws of probability dictate that the total likelihood of error must increase as the number of abnormal values in the EWS that have to be processed increases. A similar relationship between speed of EWS calculation and true EWS has been reported elsewhere (Smith et al, in press ). There also seems to be significant inter-and intra-variability in the reliability of manual EWS calculations (Subbe et al, 2006 ).
An important finding from the present study was the reduction in times taken to derive an EWS. Not only did the computer-aided method prove to be quicker in the classroom, but the input became faster with increased use. Of course, it is anticipated that performance will eventually plateau, although it is not clear when this occurs. Nevertheless, the authors estimate that on average a nurse will save about 12 seconds per EWS, which escalates to about 76 days in a year (based on three EWS measurements per patient per day in a 500-bedded hospital). It is important to consider the resource implications, because of the intense workload pressures on nurses, which is often amplified by nurse shortages (Medical News Today, 2006) .
A critical issue in the introduction of a computer-aided solution is user perception and acceptability. In general, it was found that nurses were positive about the handheld computer and its contribution to deriving an EWS. In the words of one newly qualified nurse, 'I have found this a most useful tool to assist in the care of my patients'. A small minority of nurses felt that the computer-aided approach might de-skill them. This requires further study, because the specific nature of the de-skilling was not specified, although it is unlikely to reflect the low-level mental arithmetic required to derive an EWS.
Conclusion
This study has shown how the derivation of EWS can be improved using an approach that is more accurate, efficient and acceptable to nurses than the traditional pen-and-paper method. While this in an important finding, the implications for clinical practice need to be assessed, but the positive feedback from nurses indicates that this solution to improving EWS should not be underestimated and clearly merits further research and development. BJN 
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